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ABSTRACT 
The concept of complexity distinguishes a quantitative and a structural component. The 
former sets an upper bound on complexity, whereas the latter reduces complexity. This 
experiment further explored the limitations on visuo-spatial short-term storage in terms of 
structural complexity. Memory for movement sequences was assessed using a 5 x 5 array of 
wooden blocks. However, only a sub-set of 16 blocks was considered relevant. These were 
positioned so as to constitute a regular 4 x 4 matrix, a split-up matrix or a random 
configuration, thus eliciting various degrees of structure. Recall scores were higher for the 
matrix condition than for the other two conditions, which did not differ from each other. In 
fact, performance in these conditions was no better than in a control condition in which all 25 
blocks were taken into account. Moreover, subjects were not aware of the experimental 
manipulation, implicating a process of implicit learning in the matrix condition. These results 
confirm that structural complexity is a prominent feature of short-term visuo-spatial retention. 
They further contribute to a body of converging evidence for the hypothesis of a visuo-spatial 
temporary storage mechanism, whose capacity is limited by complexity. 
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complexity; memory span 
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In recent years the tide has turned in working memory research. Initially, the phonological 
loop was the main beneficiary from investigations within this framework (for a review, see 
Baddeley, 1990). As a result, theoretical development of the verbal component flourished, 
and for many years the visuo-spatial sketch pad has been regarded as its immature twin. 
During the last decade, however, the visuo-spatial slave system has been the recipient of 
many research efforts and substantial progress has been made in disclosing its characteristics. 
For example, there is ample evidence that it is a functionally independent component within 
the working memory system (e.g., Baddeley & Lieberman, 1980; Brandimonte, Hitch, & 
Bishop, 1992). Empirical data argue for a functional dissociation between a visual and a 
spatial subsystem in the sketch pad (e.g., Logie & Marchetti, 1991; Logie & Pearson, 1997; 
Tresch, Sinnamon, & Seamon, 1993). The visual component acts as a temporary storage 
mechanism for visual material, and is susceptible to effects of visual similarity (Frick, 1985; 
Hue & Erickson, 1988; Walker, Hitch, & Duroe, 1993) and irrelevant pictures (McConnell & 
Quinn, 2000; Quinn & McConnell, 1996a,b, 1999). The spatial component retains 
information about spatial location and is related to movement processes (e.g., Quinn, 1994; 
Quinn & Ralston, 1986; Smyth, Pearson, & Pendleton, 1988). Recent formulations of the 
visuo-spatial working memory concept (Baddeley & Logie, 1999; Logie, 1995) postulate a 
fractionation of the sketch pad into a passive visual store (the “visual cache”) and an active 
spatial rehearsal mechanism (the “inner scribe”). Within this conceptualisation, spatio-motor 
processes can also be used to help maintain representations held in the visual temporary store. 
A further group of research efforts has demonstrated that the capacity of visuo-spatial 
working memory is limited by complexity. For example, Wilson, Scott, and Power (1987) 
reported effects of complexity on visual recognition memory. They developed a technique 
which involved presenting subjects with a matrix pattern with half of the cells filled at 
random. After a brief retention interval the pattern reappeared, but with one of the previously 
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filled cells left blank. The subject’s task was to point to the cell that had been changed. The 
complexity of the patterns was raised over trials by gradually increasing the total number of 
cells in the matrix, mimicking a span procedure. Visual memory span was taken as the 
maximum number of filled cells in the matrix for which the subject could successfully 
indicate the position of the changed cell. Logie, Zucco, and Baddeley (1990) employed the 
visual matrix span procedure in a dual-task paradigm, and reported selective interference 
effects from a secondary visuo-spatial task. These results provide evidence for the hypothesis 
of a visuo-spatial short-term storage mechanism, whose capacity is limited by complexity. 
In the above mentioned studies complexity was determined by the number of cells in the 
matrix pattern. This definition emphasises the quantitative nature of the concept. Complexity 
may, however, also be related to the coherence of the elements within a stimulus. For 
example, investigations within the framework of information-theory (Attneave, 1955; 
Schnore & Partington, 1967) found recall of dot-in-matrix patterns to be a linear function of 
the degree of structure manifest in the patterns. Studies on perceived complexity of matrix 
patterns have indeed shown that the determinants of complexity can be classified as either 
quantitative or structured (Chipman, 1977; Ichikawa, 1985). Quantitative complexity pertains 
to the number of elements in a stimulus, the size of a stimulus, etc. These features set an 
upper bound on complexity. Structural complexity involves the degree of redundancy elicited 
by a stimulus. A stimulus is said to be redundant, if there exists a structural relationship 
among its constituent parts, such as symmetry, rotation, repetition, etc. The presence of 
structure reduces complexity. 
Recent work by Kemps (1999) showed effects of both quantitative and structural 
measures of complexity on visuo-spatial short-term memory. Variants of the Corsi blocks 
task were administered across a series of experiments. This well-established technique has 
been associated with the visuo-spatial component of the working memory model (Hanley, 
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Young, & Pearson, 1991). Quantitative complexity was manipulated through the number of 
blocks on the board. Structural complexity was induced through the positioning of the blocks. 
Immediate serial recall was better when the blocks were arranged in rows and columns 
portraying a matrix than when they depicted a random display. Performance was further 
inversely related to the number of blocks on the board, suggesting that the rehearsal 
mechanism was not limited to the targeted positions, that is, the designated set of blocks 
making up the movement sequence. Kemps subsequently tested whether the total number of 
blocks on the board would still come into effect if only a sub-set were considered relevant, in 
other words, used to determine memory span. Three displays comprising 9, 16 and 25 blocks 
were used. These were either positioned in a matrix or randomly. The number of relevant 
blocks was fixed at 9, also for the displays with 16 and 25 blocks. In the matrix condition, 
this sub-set of relevant blocks constituted a regular 3 x 3 matrix structure. The relevant blocks 
in the random condition assumed the positions of the original Corsi blocks display. In the 
matrix condition, the three displays yielded similar span scores, indicating that performance 
was consistent with the number of relevant blocks. In the random condition, however, 
memory span decreased with an increasing number of blocks in the display, demonstrating 
that recall remained sensitive to the total number of blocks on the board. Thus, when the 
rehearsal process was reduced to a sub-set of blocks subjects could abstract from the total 
number of blocks on the board provided the display was structured. This observation was 
interpreted as showing that the concept of structure is an important determinant of visuo-
spatial short-term memory performance. 
Kemps (1999) attributed the differential effects for the matrix and the random displays 
with respect to the quantitative factor, number of relevant blocks, to the presence, or absence, 
of structure in the display. Alternatively, the structure elicited by the positions of the relevant 
blocks may have been a more important factor. After all, both the display and the positioning 
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of the relevant blocks were either structured or random. Therefore, the relevance of the 
display may have been obscured by the choice of relevant positions. This issue was tackled in 
the present study. 
The following experiment further explored the limitations on the operation of visuo-
spatial short-term memory in terms of structural complexity. Memory for a sequence of 
targeted movements was assessed using a 5 x 5 matrix display whereby only a sub-set of 16 
blocks was employed to determine span. Complexity was manipulated by varying the amount 
of structure elicited by the positions of these 16 relevant blocks; the latter were arranged in a 
matrix, a split-up matrix or randomly. Performance in the three experimental conditions was 
compared with a control condition in which all 25 blocks were used. The hypothesis was that 
visuo-spatial memory span would be related to the degree of structure induced by the 
positions of the relevant blocks on the display. 
 
METHOD 
Subjects and Design 
Sixty-four first-year students enrolled at the Faculty of Psychology and Educational Sciences, 
University of Ghent, participated for course requirements and credit. They volunteered for 
this experiment. Subjects were randomly assigned to one of the four conditions of the 
independent factor, the positions of the 16 relevant blocks on the board (matrix, split-up 
matrix, random and control). 
 
Materials 
Twenty-five black blocks (4 x 4 x 4 cm) were arranged on a black wooden board (40 x 40 
cm) in a regular 5 x 5 matrix. In the matrix condition, the positions of the 16 relevant blocks 
constituted a regular 4 x 4 matrix. In the split-up matrix condition, the relevant blocks 
Structural Complexity in Visuo-spatial Working Memory 7 
comprised a 4 x 4 matrix, asymmetrically divided into four quadrants; the blocks of the 
middle row and the fourth column were irrelevant. For the random condition, the relevant 
blocks were positioned in an irregular pattern. The positions of the 16 relevant blocks in the 
three experimental conditions are shown in Figure 1. There were numbers on the back of the 
blocks; these were visible to the experimenter but not to the subject. 
 
[Insert Figure 1 about here] 
 
Procedure 
Subjects were tested individually in a quiet room. The experimenter pointed to a sequence of 
blocks at a rate of one block per second. Immediately afterwards the subject was required to 
repeat the sequence by pointing to the same blocks in the same order. Four trials were given 
at each sequence length, one of which was a filler trial. The latter was randomly added at 
each sequence length to conceal the purpose of the experiment. In the three experimental 
conditions the filler trial consisted entirely, or at least partly, of blocks other than the 16 
relevant ones. Performance on the filler trials was not included in the assessment of memory 
span. Testing commenced with sequences of three blocks. Upon successful repetition of at 
least two sequences, the number of blocks in the presented sequence increased to four. This 
incremental procedure continued until the subject made errors on two or more trials of a 
given length. No block occurred more than once per trial. Visuo-spatial span was taken as the 
average of the three longest sequences which the subject reproduced correctly. Two sets of 
visuo-spatial sequences were randomly constructed. These were counterbalanced over the 
four conditions. 
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RESULTS 
In accordance with McCall and Appelbaum’s (1973) suggestions for the analysis of repeated-
measures designs, the data were entered into a multivariate analysis with the positions of the 
relevant blocks as between-subjects factor and the span scores as dependent factor. There was 
an effect of position of relevant blocks, F(3, 60) = 4.06, p < .05. Mean level of performance 
was 5.62 (SD = 0.65) in the matrix condition, 4.93 (SD = 0.77) in the split-up matrix 
condition, 4.97 (SD = 0.58) in the random condition, and 4.91 (SD = 0.61) in the control 
condition. Planned contrasts revealed a significant difference in recall between the matrix 
condition and the other three conditions, F(1, 60) = 12.12, p < .001. All pair-wise 
comparisons of the matrix condition to the other conditions were also significant: F(1, 60) = 
8.25, p < .01, for the split-up matrix condition, F(1, 60) = 7.29, p < .01 for the random 
condition, and F(1, 60) = 8.75, p < .01 for the control condition. However, no differences 
were found among the split-up matrix, the random and the control conditions (F < 1). 
 
DISCUSSION 
These results provide further insight into the processes involved in short-term visuo-spatial 
storage. Span scores for the matrix condition were significantly higher as compared to the 
other three conditions, which were not different from one another. This finding shows that 
subjects could abstract from the total number of blocks on the board when the positions of the 
relevant blocks constituted a regular matrix pattern. Although the rehearsal process in the 
split-up matrix and the random conditions was also focused on a sub-set of 16 blocks, the 
total number of blocks still came into effect. Apparently, subjects were unable to discern the 
presence of the underlying pattern elicited by the positioning of the relevant blocks in these 
conditions. In the matrix condition the relevant blocks are neatly aligned in rows and 
columns. Although the relevant positions in the split-up matrix are also arranged in a matrix 
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pattern, they do not form an entity. In the matrix condition the 16 relevant blocks occupy one 
adjoining area of the display, with the 9 irrelevant blocks (distracters) positioned around 
them. In the split-up matrix and the random conditions, however, the relevant blocks are 
spread over the entire display, with the distracters located among them. It is thus harder to 
discriminate the sub-set of relevant blocks amongst the irrelevant ones in these latter 
conditions. As a result, the distracters are more likely to interfere with the encoding and 
rehearsal of a sequence of targeted movements than is the case for the matrix condition. It 
follows that performance in the split-up matrix and the random displays makes higher 
demands on the cognitive system, as is evident from their lower recall scores. 
Rather surprisingly, the split-up matrix condition did not yield greater memory spans 
than the random condition. The structure induced by the positioning of the 16 relevant blocks 
in the split-up matrix display may have been insufficiently salient for subjects to detect. 
There are in fact indications in the literature that not all redundancies are equally effective 
(e.g., Fitts, Weinstein, Rappaport, Anderson, & Leonard, 1956). 
Moreover, subjects had no conscious knowledge of the experimental manipulation. 
When asked about it at the end of the test phase, they claimed not to have been aware of the 
fact that only 16 blocks had been used on consecutive trials. This suggests that subjects in the 
matrix condition acquired this knowledge through implicit learning. The implication that no 
such implicit learning process occurred in the split-up matrix condition lends support to 
previous findings showing that subjects are biased toward learning certain kinds of structure 
in an incidental manner (for an overview, see Seger, 1994). 
It is clear from these results that the structure of the display on its own was insufficient to 
detect the underlying rule applied to present the block sequences, and hence, limit the 
rehearsal mechanism to the sub-set of relevant blocks. The ability to pick up on this latent 
rule would seem to depend on the structure induced by the positioning of the relevant blocks. 
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It follows that the differential effect observed for the matrix and the random displays in the 
Kemps (1999) paper was due to the structure induced by the positioning of the relevant 
blocks, and not due to the structure of the display. 
The present findings are consistent with prior research efforts demonstrating the 
importance of structure in visuo-spatial memory performance (Attneave, 1955; Kemps, 1999; 
Schnore & Partington, 1967). The structure evoked by the spatial configuration of the sub-set 
of relevant blocks was shown to have a facilitating effect on the retrieval of the to-be-
remembered block sequence. A highly structured configuration contains less information than 
a less structured layout, because the representation of the former is less complex. 
Discriminating a series of spatial targets among a sub-set of blocks portraying a square matrix 
therefore takes up less capacity of the visuo-spatial short-term store than among a sub-set 
representing a less structured configuration. This observation lends sustenance to previous 
studies showing that the capacity of visuo-spatial working memory is limited by complexity 
(Kemps, 1999; Logie et al., 1990; Wilson et al., 1987). 
In addition, the data argue for a further delineation of the concept of structure itself. As 
noted above, the matrix and the split-up matrix conditions produced differential memory 
spans, indicating that the effects of two types of structured displays, each comprising 
quantitatively identical elements, can be different due to the positioning of the individual 
elements making up the structure. This finding suggests that a simple manipulation of 
element positioning may yield a promising approach towards demarcating the notion of 
structure. 
The results reported here also offer some insight into the limitations of the construct of 
complexity related to visuo-spatial storage. It would seem that the effect of structural 
complexity on immediate visuo-spatial recall is a question of all or nothing. Contrary to the 
hypothesis, memory for movement sequences did not vary in accordance with the degree of 
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structure elicited by the positioning of the relevant blocks. Performance in the split-up matrix 
condition was no better than in the random condition. The amount of structure embedded 
within the stimulus has to cross a certain threshold as it were, in order to elicit an effect. The 
quantitative measure of complexity, on the other hand, allows for variation in its effect. As 
mentioned previously, Kemps (1999) reported a gradual decline in span scores with an 
increasing number of blocks on the board. A display with 25 blocks produced lower memory 
spans than a 16-block display, which in turn yielded poorer recall scores than a 9-block 
display. The Logie et al. (1990) and the Wilson et al. (1987) findings do however suggest a 
cut-off point in the effect of quantitative complexity. In the visual matrix span task subjects 
suddenly reach a point where they can no longer successfully identify the position of the 
changed square. Unlike the present author, Logie et al. and Wilson et al. varied the 
complexity of their stimulus material. As trials progressed the total number of squares in the 
matrix pattern increased, following a memory span procedure. In the Kemps study, the 
number of blocks on the board remained constant within one and the same condition, 
irrespective of subjects’ performance. Future explorations should be wary of the fact that 
such small methodological variations could elicit potentially divergent views of the nature of 
the limiting factors in visuo-spatial short-term memory. 
The paper further suggests a coupling between implicit and explicit memory processes 
on the one hand, and different operational definitions of structural complexity on the other. 
Implicit learning pertains to the structure induced by the positioning of the relevant blocks, 
whereas explicit learning was related to the presence of structure manifest in the display 
(Kemps, 1999). Processing the representations of these different types of structure may 
therefore tap at least partially different cognitive resources. This distinction between implicit 
and explicit memory presents a potential focus for further investigation into the basic 
properties of short-term visuo-spatial processing functions. 
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The present study was concerned with the mechanisms underlying the limits of visuo-
spatial short-term memory, an important topic within the working memory literature. The 
experiment reported here set out to pursue the research into the notion of structural 
complexity and its effects on visuo-spatial memory performance. Results strengthen the view 
that structure facilitates the temporary retention of visuo-spatial material. They further 
contribute to a body of converging evidence for the notion of a short-term visuo-spatial 
storage system, whose capacity is limited by complexity (Kemps, 1999; Logie et al., 1990; 
Wilson et al., 1987). Insofar as the concept of complexity can be further decomposed and its 
limitations on visuo-spatial short-term retention clarified, the nature and characteristics of the 
visuo-spatial component of working memory will become increasingly understood. For 
instance, it is at present far from clear whether the construct of complexity addresses the 
passive storage function of the visual cache or requires access to the active rehearsal 
processes of the inner scribe (Baddeley & Logie, 1999; Logie, 1995). It is of course 
conceivable that the various measures of complexity load different components of the visuo-
spatial slave system. This potential link between the multi-dimensional concept of complexity 
and the two-component architecture of visuo-spatial working memory clearly warrants 
further empirical investigation. 
Further insight into the determinants of complexity within the context of visuo-spatial 
short-term memory will also have applicable implications, such as in the analysis of the 
cognitive capacities involved in route learning (e.g., Pazzaglia & Cornoldi, 1999). The Corsi 
blocks task may be regarded as a laboratory technique for route learning in that it requires 
that a series of spatial locations be remembered in their temporal order of presentation. 
Within this view, the effects of quantitative and structural measures of complexity on the 
temporary retention of a sequence of targeted movements may extend to memory for route 
descriptions. Hence, the complexity of a route description in terms of amount of information 
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given (e.g., number of landmarks encountered along the route) and degree of internal 
coherence (e.g., structural layout of environmental features) may have an impact on its 
subsequent recollection. Further research along these lines may prove mutually beneficial to 
understanding the processes involved in route learning and the mechanisms underlying visuo-
spatial working memory. 
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FIGURE CAPTIONS 
1.  The positions of the 16 relevant blocks (in black) in the three experimental conditions: (a) 
a matrix, (b) a split-up matrix and (c) a random configuration. 
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